Twinning is a typical plastic deformation mechanism, accomplished by the glide of twinning dislocations (TDs) to generate macroscopic strain [1, 2] . Deformation twinning has been widely observed in materials with different crystal structures, such as bodycentered-cubic (bcc) [1] , face-centered-cubic (fcc) [3] [4] [5] [6] [7] [8] , hexagonal-close-packed (hcp) [9] [10] [11] [12] [13] , and others [14] [15] [16] . For fcc metals, the tendency of deformation twinning is mainly determined by its stacking fault energy (SFE) [17] . For fcc metals with medium-to-high SFEs such as Cu and Al, dislocation slip is the preferred plastic deformation mechanism for coarse-grained metals. For fcc metals with low SFE like Ag, plastic deformation is accomplished by a combination of dislocation slip and deformation twinning [18] . Many twinning mechanisms have been proposed, including the pole mechanisms [19] , prismatic glide [20] , faulted dipole [16] , and others [14, 15] . These deformation twins are accomplished by the glide of twinning dislocations (TDs). TDs usually all have the same Burgers vector so that the Peach-Koehler glide forces on the TDs have the same sign and they move along the same direction [2] . As a consequence of twin propagation, a net macroscopic strain is generated.
Is it true that deformation twinning always produces a net macroscopic strain?
Recently, Wu et al. proposed a new twinning mechanism, random activation of partials (RAP), to explain the zero net macroscopic strain phenomena associated with twinning in nanocrystalline Al, Ni, and Cu [21] . It is noticed that since the participating Burgers vectors sum to zero in the random activation of partials mechanism, RAP twinning must produce zero net macroscopic strain. More recently, Wang et al. reported their in-situ TEM observation and revealed a new de-twinning mechanism in Cu, in which detwinning is accomplished via the collective glide of Σ3{112} ITBs [22] [23] [24] [25] . Since Σ3{112} ITBs can be presented with a set of Shockley partial dislocations with a repeatable sequence b 2 :b 1 :b 3 on every (111) plane [22] , a noteworthy characteristic of the three partial dislocations is that the sum of their Burgers vectors in one unit equals zero [22, 23] . Accompanying with de-twinning in Cu, the net macroscopic strain must be zero.
Some analogous mechanisms had been postulated by Christian who explained the fcc to hcp transformation in metals [26] and by Mahajan et al. [27] to explain the formation for annealing twins.
It is still a puzzle why such twin boundaries (front tip of deformation twins) move under zero or very small net Peach-Koehler force due to the zero net Burgers vectors. It was understood that the transformation [26] and annealing twinning [27] can be driven by the Gibbs free energy difference, and the de-twinning mechanisms for thin twin lamellae can be driven by reducing the area of twin boundaries [25] . Comparing with the above mechanisms [25] [26] [27] , deformation twinning through the mechanisms in Refs. [21, 25] will create new high-energy twin boundaries, thus it is not energetically favorable. To explain the motion of such boundaries, Wu et al. [21] proposed the RAP mechanisms, i.e, the random nucleation and emission of partials at GBs in nanocrystalline metals. It is possible for small grain size due to the stress fluctuation. However, the nucleation could be random for partials with different Burgers vectors due to the local stresses, but the further gliding of partials must be subjected to a positive Peach-Koehler force [2] . Thus, Wang et al. propose a stop/start, move/drag, partial dislocation mechanism [25] , in which Σ3{112} ITB goes from an equilibrium state, to a non-equilibrium state, then back to an equilibrium state again. They also observed that ITBs could be pinned due to the interaction of lattice dislocation with ITBs using in situ TEM [24] . But the experiment evidence is still insufficient corresponding to deformation twinning via the collective glide of ITBs.
In this letter, we report deformation-twinning mechanisms, with a focus on the zero strain deformation twinning, in polycrystalline Ag films. Owing to the low SFE, deformation twinning in Ag is easily activated. The further analysis is performed at a high resolution transmission electron microscope (HRTEM) to identify twins and twinning mechanisms combining with dislocation theory and atomistic simulations.
High purity 99.99% silver films with the thickness of 1 mm were used for the experiment. Annealing was carried out at 1073K, less than 10 -4 Pa to eliminate crystalline defects. After annealing, the films were cooled in liquid nitrogen, and then immediately rolled to 50 μm thickness (95% rolling strain) at room temperature. The 3-mm diameter transmission electron microscope (TEM) specimen were cut from the films, and thinned by double-jet electro polishing in solution of 10% perchloric acid, 10% glycerol and 80% methanol at 213K in a TenuPol-5 electropolisher. TEM observation was conducted using a JEM2100F microscope with a point-to-point resolution of 0.23 nm. To identify the characteristics of the front tips of deformation twins, HRTEM analysis is conducted for regions R1 and R2 (Fig. 1c) . It is noted that (1) a repeated pattern with the periodicity of three times of the interplanar spacing of {111} planes is clearly observed (Fig. 2(b) , (c) and (e)), (2) the 9R structure is bounded between the two phase boundaries 1 , PB1 and PB2 (Figs. 2(b) and (e)), and (3) the extra spots compared to regular fcc <110> SAED ( Fig. 2(f) ). All these points confirm that the ends of twins are Σ3{112} ITBs. In addition, the most intriguing result from the TEM analysis of R2 is that the twin has Σ3{112} ITBs as both ends, which supports our hypothesis that deformation twins can propagate with the front end as Σ3{112} ITBs, i.e., the sum of Burgers vectors of partials at the front is equal to zero.
However, it is not clear whether these twins are experiencing twinning processes or de-twinning processes. Fig. 3 shows a series of TEM images containing a twin end -Σ3{112} ITB. The width of the 9R structure is initially measured about 12.5 nm, then reduces to 4.5 nm and finally is stabilized at 1.2 nm, which is close to the equilibrium distance of 1.0 nm at zero applied shear stress [23] . It is worth mentioning that (1) PB1 moves downwards, (2) PB2 moves upwards, but (3) PB2 moves slower than PB1. This collapse process can be ascribed to the relaxation of the pre-existing internal stresses by electron beam annealing applied in the TEM sample. Accompanying with the relaxation of internal stresses, the initial equilibrium on the force applied to partials can be 1 PB1 represents an array of Shockley partial dislocations b 1 separated by every two {111} atomic planes acting as the front tip of the deformation twins; PB2 represents an array of Shockley partial dislocations separated by every {111} atomic plane with a consequence b 2 :b 3 in the boundary of the twin and 9R structure. Coupling atomistic simulations and experimental observations, we here discuss the motion mechanism of ITBs. When the ITB is subjected to a shear stressτ , the PeachKoehler glide force on the partial dislocation b 1 is composed of the contribution of the applied shear stress, the contributions of dislocation interactions, the interface tension arising from the stacking fault, and any Peierls force or other friction type force. The Peierls force may be negligible for b 1 , typical of isolated partials in fcc metals [2] .
However, a Peierls force may be present for the paired partials b 2 and b 3 (illustrated in Fig 3(d) ), as implied by in-situ TEM observation (Fig. 3) , because they remain closely spaced in the residual ITB and may correspond to a relaxed nonlinear structure (the paired partials are hard to break away from each other due to the attractive force originating from the interaction of their screw components). When the ITB (containing three types of dislocations), whether compact or dissociated, is in the equilibrium state, the net force equals to zero regardless of the magnitude of the applied shear stresses. is developed. Locally, the situation would represent a stop/start, jump/drag displacement situation with some waiting time [25] .
It is worth to discuss the nucleation of such zero-strain deformation twins. As observed in TEM images, most deformation twins originate at grain boundaries. Similar to a grain boundary nucleation mechanism in nanocrystalline materials [21] and a dissociation mechanism of grain boundary dislocations in Mg [28, 29] , the nucleation of a deformation twin with Σ3{112} ITBs as its front tip may require some structural characteristics of the grain boundary, for example, the grain boundary is close to Σ3{112}
ITBs, then dissociate to one Σ3{112} ITB and the other grain boundary. Further TEM studies are required to address the structural characteristics of grain boundaries.
In a summary, we have observed a new deformation twinning mechanism using HRTEM in polycrystalline Ag films, twinning via the migration of Σ3{112} ITBs. As a result of the net zero Burgers vector at the twin front, this twinning mechanism does not produce macroscopic strain. This observation provides an evidence for our previous hypothesis (de-twining could be accomplished via the nucleation and migration of Σ3{112} incoherent twin boundary at grain boundaries) [25] , and opens a new insight in understanding deformation twinning, especially the effect of atomic structures of grain boundaries [28, 29] . 
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